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Percutaneous transluminal angioplasty (PTA) is
one of the interventional techniques that are avail-
able for the treatment of symptomatic atherosclerot-
ic disease of the femoropopliteal artery. However,
the long-term success of PTA is limited by a high
incidence rate of restenosis (1-year patency rates:
47% to 81%).1-6 Initially, autopsy studies have shown
that intimal hyperplasia is responsible for the
decrease in arterial lumen after intervention.7-10
Later, histologic and intravascular ultrasound
(IVUS) studies executed in animals and human
coronary arteries suggested that vascular shrinkage
(defined as a decrease in total arterial circumference)
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Objective: The aim of the study was to assess the change in lumen area (LA), plaque area
(PLA), and vessel area (VA) after percutaneous transluminal angioplasty (PTA) of the
femoropopliteal artery.
Methods: This was a prospective study. Twenty patients were studied with intravascular
ultrasound (IVUS) immediately after PTA and at follow-up examination. Multiple cor-
responding IVUS cross-sections were analyzed at the segments that were dilated by PTA
(ie, treated sites; n = 168), including the most stenotic site (n = 20) and the nondilated
segments (ie, reference sites; n = 77).
Results: At follow-up examination, both the PLA increase (13%) and the VA decrease
(9%) resulted in a significant LA decrease (43%) at the most stenotic sites (P = .001). At
the treated sites, the LA decrease (15%) was smaller and was caused by the PLA increase
(15%). At the reference sites, the PLA increase (15%) and the VA increase (6%) resulted
in a slight LA decrease (3%). An analysis of the IVUS cross-sections that were grouped
according to LA change (difference ‡ 10%) revealed a similar PLA increase in all the
groups: the type of vascular remodeling (VA decrease, no change, or increase) deter-
mined the LA change. At the treated sites, the LA change and the VA change correlated
closely (r = 0.77, P < .001). At the treated sites, significantly more PLA increase was seen
in the IVUS cross-sections that showed hard lesion or media rupture (P < .05). No rela-
tionhip was found between the presence of dissection and the quantitative changes.
Conclusion: At the most stenotic sites, lumen narrowing was caused by plaque increase
and vessel shrinkage. Both the treated sites and the reference sites showed a significant
PLA increase: the type of vascular remodeling determined the LA change at follow-up
examination. The extent of the PLA increase was significantly larger in the IVUS cross-
sections that showed hard lesion or media rupture. (J Vasc Surg 1999;29:430-41.)
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could be the predominant factor in the development
of restenosis.11-17 Most of these IVUS studies were
performed in coronary arteries and considered one
single IVUS cross-section at the most stenotic site of
the artery, disregarding the changes elsewhere in the
treated arterial segment.13-16 In humans, only one
IVUS study evaluated the changes at the most
stenotic site and in adjacent coronary segments that
were not subjected to intervention.17 Kimura et al17
demonstrated that remodeling after coronary angio-
plasty was characterized by early adaptive enlarge-
ment and late constriction of the vessel wall.
The purpose of this serial IVUS study was to eval-
uate the vascular response of the femoropopliteal
artery after PTA, both in the segments that were dilat-
ed by PTA and in the nondilated reference segments.
METHODS
Study group. From February 1995 to February
1997, 33 symptomatic patients underwent treatment
with a successful PTA (angiographic diameter stenosis
<50%) of the femoropopliteal artery. The patients were
studied with angiography and IVUS before and imme-
diately after PTA. In patients with suspected restenosis
on the basis of recurrent clinical symptoms (intermit-
tent claudication, rest pain, or night pain), the angio-
graphic and IVUS investigation was repeated. The
patients with no evidence for restenosis were studied
by protocol, with both angiography and IVUS within
12 to 24 months follow-up. The investigation was
approved by the local committee on human research.
The patients were included in the study after they gave
informed consent.
In total, 13 of 33 patients were lost to follow-up:
2 patients refused reinvestigation, 4 patients under-
went femoropopliteal bypass grafting, 2 patients
underwent transgenual amputation, and 5 patients
died. The remaining 20 patients with an angio-
graphic and IVUS follow-up examination under-
went treatment with PTA for intermittent claudica-
tion and rest pain or night pain.
Angiography and transluminal angioplasty.
Standard PTA was performed by means of an ante-
grade percutaneous approach with a 7F sheath. The
lesions were crossed with a guide-wire. Heparin
(5000 units) was given intra-arterially. Balloon-
catheter diameter (OPTA, Cordis Europe, Roden,
The Netherlands) was individually determined by the
radiologist in charge and corresponded with the
lumen diameter of the normal proximal or distal seg-
ment on angiography or with the vessel diameter of
the minimal diseased cross-section adjacent to the
stenosis on IVUS. During balloon-catheter inflation,
JOURNAL OF VASCULAR SURGERY
Volume 29, Number 3 van Lankeren et al 431
the guide-wire was left in situ with its tip in the dis-
tal portion of the popliteal artery. The inflation pres-
sure was increased until the balloon deformity was
relieved to a maximum of 12 atm. The balloon infla-
tion was started at the distal end of the lesion and was
repeated as the balloon was withdrawn proximally.
An overlap of 1 cm was maintained between adjacent
inflations. The intervention was preceded and fol-
lowed by single-plane angiography. At follow-up
examination, angiographic restenosis was defined as
‡ 50% diameter stenosis. 
Intravascular ultrasound. The IVUS studies
were performed with a mechanical 30-MHz imaging
system with a 4.3F catheter (Du-MED, Rijswijk, The
Netherlands). The details of this system have been
described previously.18 The IVUS catheter was
advanced distally over a guide-wire beyond the lesion.
Care was taken to adjust the settings for time-gain
compensation to yield optimal image quality. The
IVUS images of the diseased segment that was sub-
jected to PTA (ie, treated sites) and the images of the
proximal and distal adjacent nondilated segments (ie,
reference sites) were obtained during manual pull-
back of the catheter. The location of the IVUS
catheter tip was systematically compared with fluoro-
scopic control with a radiopaque ruler to facilitate
comparison of IVUS images obtained before and after
intervention and those at follow-up examination. In
addition, a displacement sensing device was used that
automatically documented the displacement of the
IVUS catheter tip in steps of 0.01 m. This device pro-
vided an accurate documentation of the location of
the IVUS images.19 These data were mixed with the
IVUS information on the video monitor. The result-
ing images were stored on an S-VHS videotape.
With the displacement sensing device, the
radiopaque ruler, and the axial anatomic markers,
such as side branches and typically shaped calcifica-
tions, the IVUS cross-sections that were obtained
before and after PTA and at follow-up examination
were matched. To ensure that the IVUS cross-sec-
tions that were obtained at intervention correspond-
ed with those that were obtained at follow-up exam-
ination, the cross-sections were studied side-by-side
and frame-to-frame. The matched cross-sections
that were obtained both from the treated sites and
the proximal and distal reference sites within a 6-cm
distance from the treated sites were selected with a
1-cm or 2-cm interval for analysis. The IVUS cross-
section that showed the most stenotic site (ie, the
smallest lumen area within the treated site) before
and after PTA and at follow-up examination was
included in the selection.
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Qualitative analysis. The IVUS cross-sections
that were obtained at intervention and at follow-up
examination were evaluated for hard lesion (ie, calci-
fied) and for vascular damage, including dissection and
media rupture (Fig 1). Hard lesion was recognized by
the presence of a bright echo structure that cast
peripheral shadowing. Dissection was defined as the
presence of a tear in the intimal surface that separated
the lesion from the underlying arterial wall, and media
rupture was defined as an interruption in the internal
elastic lamina and media that exposed the hyperechoic
adventitia to the arterial lumen.20 Dissection and
media rupture could be present simultaneously in one
IVUS cross-section (Fig 1).
Quantitative analysis. On IVUS, the extent of
hard lesion and dissection was visually estimated and
graded as an arc of the circumference with the cen-
ter of the vessel as a reference point (arc in steps of
30 degrees; range, 0 to 360 degrees). When multi-
ple hard lesions or dissections were seen in one
IVUS cross-section, the total sum was calculated.21
For the assessment of lumen and vessel area
(mm2), a digital video analyzer system (IBM Corp,
Boca Raton, Fla) was used.22 The lumen area was
defined as the area that was encompassed by the
inner boundary of the intimal surface (characterized
also by the presence of blood). The vessel area was
defined as the area bounded by the media-adventi-
tial border (Fig 1). The plaque area was calculated
by subtracting the lumen area from the vessel area.
The percentage area stenosis (obstruction) was calcu-
lated as the plaque area divided by the vessel area.20
When the image quality was inadequate or an exten-
sive dropout as a result of calcification was encoun-
tered (>120 degrees of the circumference), the ves-
sel area was not assessed and these IVUS cross-
sections were excluded from analysis.
Analysis of data. First, the lumen, plaque, and
vessel areas that were seen after intervention and at
follow-up examination were compared and the
changes were calculated. A comparison was made
between the data obtained at the most stenotic sites
Fig 1. Angiograms and corresponding intravascular sonographic cross-sections (levels A, B,
C) obtained from patient after percutaneous transluminal angioplasty of femoropopliteal artery
(left) and at 6 months follow-up examination (right). The intravascular ultrasound cross-
sections are contour-traced off-line for lumen area (inner contour) and vessel area (outer con-
tour). Level A is obtained at the proximal reference site, and levels B and C are obtained at the
treated sites. Plaque area increase was seen in all levels; lumen area increase (A and C) and
lumen area decrease (B) were determined by type of vessel area change. Media rupture and dis-
section seen after intervention (B, solid arrow) were not encountered at follow-up examina-
tion. At level C, hard lesion (open arrow) was seen both at intervention and at follow-up exam-
ination. Note that the guide-wire present in left panels results in dropout of 30 degrees.
+, Catheter; calibration, 1 mm.
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seen at follow-up examination, at the treated sites,
and at the reference sites. Second, according to the
change in lumen area at follow-up examination, the
IVUS cross-sections were divided into the following
3 groups: (1) lumen area decrease (>10%), (2) lumen
area unchanged (<10%), and (3) lumen area increase
(‡ 10%). In these 3 groups, the change in plaque area
and vessel area was compared in both the treated sites
and the reference sites. The relationship between the
lumen area change and the change in plaque and ves-
sel area, respectively, was assessed. Third, the rela-
tionship between the change in lumen and vessel area
as a result of PTA and the change in lumen, plaque,
and vessel area seen at follow-up examination was
assessed. Finally, the change in the extent of hard
lesion and dissection seen at follow-up examination
was calculated, and the relationship between the
morphologic features (ie, hard lesion and vascular
damage) and the change in lumen, plaque, and ves-
sel area was assessed.
Interobserver variability. The reproducibility
of the IVUS parameters used in this study has been
reported previously.21 For this study, the interob-
server variability on both the qualitative and the
quantitative IVUS parameters was assessed. A total
of 3 matched IVUS cross-sections of each arterial
segment, chosen at the most stenotic site, at a ran-
dom site in the treated segment proximal of the
most stenotic site, and at the reference site, were
analyzed by a second independent observer (EJG).
Statistical analysis. Mean differences between
the quantitative IVUS data among groups were ana-
lyzed with repeated measurements analysis of vari-
ance, with the module PROC MIXED of the SAS
(Statistical Analysis Systems, SAS Institute Inc, Cary,
NC) package, with compound symmetry as the
assumed covariance structure. Linear regression
analysis was performed to assess the strength of the
following relationships: (1) between both the plaque
and vessel area change and the lumen area change
seen at follow-up examination, and (2) between the
change in the lumen and vessel area as a result of
PTA and the change in lumen, plaque, and vessel
area seen at follow-up examination.
Interobserver reproducibility for the presence
and the absence of each qualitative parameter was
expressed as unweighted Cohen’s k statistic. To
describe the agreement between the observers in the
quantitative parameters, the mean and the standard
deviations of the paired differences between the 2
observers were given. The images in which both
observers agreed on the presence of these qualitative
features were considered for the assessment of inter-
observer reproducibility of the extent of these para-
meters. The above-mentioned repeated measure-
ments analysis of variance was used to test whether
there were systematic differences between the
observers. A P value of less than .05 was considered
to be statistically significant. 
RESULTS
The patient characteristics and the angiographic
data are shown in Table I. At follow-up examination
(mean, 16.4 ± 9.7 months), restenosis was seen in 17
of the 20 patients studied. The follow-up interval for
the patients with and without clinical or angiograph-
ic restenosis was 14.4 ± 7.6 months and 21.3 ± 4.6
months, respectively. Fourteen patients showed clin-
ical restenosis on the basis of recurrent symptoms—




Age (mean ± SD) 63.4 ± 9.8 years
Follow-up (mean ± SD) 16.4 ± 9.7 months
No. of patients (%)





Renal failure 1 (5)
History of smoking 17 (85)
Indication for PTA
Intermittent claudication 16 (80)





50% to 90% 7 (35)
‡ 90% 9 (45)
Occlusion 4 (20)
Length of PTA (cm)
Median (range) 10 (4 to 21)
≤5 5 (25)
6 to 10 4 (20)
11 to 15 5 (25)
‡ 16 6 (30)
Ankle brachial index at rest
Before PTA (mean ± SD) 0.71 ± 0.18
After PTA (mean ± SD) 0.90 ± 0.18
At follow-up (mean ± SD) 0.84 ± 0.18
SD, Standard deviation; PTA, percutaneous transluminal angioplasty.
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the restenosis was confirmed angiographically in 13
patients. Although there were no clinical suspicions
of restenosis in the remaining 6 patients, in 3 of these
patients, the angiogram revealed a diameter stenosis
of >50%. At follow-up examination, occlusions of the
femoropopliteal artery were not encountered.
In 15 patients, the IVUS images before PTA
were available. In 5 other patients, the radiologist
refrained from using the IVUS catheter before inter-
vention because the introduction of the guide-wire
was difficult. In 20 patients, the IVUS images were
available after PTA and at follow-up examination. At
the treated sites, the vessel area could not be assessed
in 31 matched IVUS cross-sections after PTA and at
follow-up examination as a result of calcification,
inability to determine the media-adventitial border,
or a side-branch. These cross-sections therefore were
excluded from analysis. For quantitative analysis,
168 matched IVUS cross-sections (median, 13;
range, 3 to 25) that were obtained at the treated
sites and 77 IVUS cross-sections that were obtained
at the reference sites were available.
Change in lumen, plaque, and vessel area seen
at follow-up examination. The results of the quan-
titative analysis assessed by IVUS after PTA and at fol-
low-up examination are summarized in Table II. The
mean lumen area measured from the matched IVUS
cross-sections decreased significantly both at the most
stenotic sites (43%) and at the treated sites (15%).
However, at the reference sites, the lumen area
change was negligible (–3%). A significant increase of
the plaque area was found at the most stenotic sites
(13%), at the treated sites (15%), and at the reference
sites (15%). Differences were encountered in vessel
response: a significant vessel area decrease was seen at
the most stenotic sites (9%), no change was seen at the
treated sites (1%), and an increase in vessel area was
seen at the reference sites (6%).
Relationship between both plaque and vessel
area change and lumen area change at follow-up
examination. During analysis of the matched
IVUS cross-sections that were obtained in the indi-
vidual patient from different levels, we saw that dif-
ferent types of vascular remodeling occurred (Figs 1
and 2). 
The quantitative data grouped according to the
change in lumen area are listed in Table III.
At the treated sites, no differences were encoun-
tered in plaque area increase in the 3 groups studied
(P = .84)—the difference in vessel area change was
significant (P < .001). Because plaque area increase
was similar in all groups, the lumen area change was
determined by the vessel area change. At the refer-
ence sites, there was a significant difference between
the 3 groups for both plaque and vessel area change
(P = .03 and P = .001, respectively). Both plaque
area increase and vessel area change determined the
ultimate lumen size.
The relationship between the lumen area change
and the change in plaque and vessel area at the treat-
ed and reference sites is shown in Fig 3. At the treat-
ed sites, the change in lumen area correlated more
closely with the change in vessel area (r = 0.77; P <
.001) than with the change in plaque area (r = 0.19;
Fig 2. Graph showing plaque and vessel area change assessed with intravascular ultrasound,
derived from an individual patient. Note that plaque area increase was combined with wide
variation of vessel area change.
n, Number of intravascular sonographic cross-sections.
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P = .15). At the reference sites, the change in lumen
area correlated moderately with both the vessel area
change (r = 0.40; P < .001) and the plaque area
change (r = 0.47; P < .001).
Relationship between the change in lumen
and vessel area as a result of PTA and the change
in lumen, plaque, and vessel area at follow-up
examination. In 15 patients, 118 matched IVUS
cross-sections were obtained at the treated sites
before and after PTA and at follow-up examination.
The vessel area could not be assessed in 5 matched
IVUS cross-sections as a result of calcification: 113
matched IVUS cross-sections were used to assess the
relationship between the change in lumen and vessel
area as a result of PTA and the change in lumen,
plaque, and vessel area at follow-up examination.
Table II. Lumen, plaque, and vessel area and percentage area stenosis after percutaneous transluminal
angioplasty of the femoropopliteal artery and at follow-up examination assessed with intravascular ultra-
sound
After PTA At follow-up Difference Percent change P value
Most stenotic site (n = 20)
Lumen area (mm2) 12.1 ± 4.7 6.9 ± 2.9 –5.2 ± 5.6 –43 .001
Plaque area (mm2) 19.6 ± 6.4 21.5 ± 7.4 +2.5 ± 3.2 +13 .003
Vessel area (mm2) 31.1 ± 8.5 28.4 ± 6.3 –2.7 ± 5.7 –9 .05
Percent area stenosis 60.9 ± 11.5 74.0 ± 14.1 +13.1 ± 13.4 +22 <.001
Treated sites (n = 168)
Lumen area (mm2) 15.6 ± 5.0 13.2 ± 5.6 –2.4 ± 5.4 –15 <.05
Plaque area (mm2) 18.9 ± 6.1 21.7 ± 7.2 +2.8 ± 3.9 +15 <.001
Vessel area (mm2) 34.5 ± 8.2 34.9 ± 8.6 +0.4 ± 6.0 +1 .50
Percent area stenosis 54.6 ± 10.8 61.8 ± 13.8 +7.2 ± 10.7 +13 <.001
Reference sites (n = 77)
Lumen area (mm2) 14.2 ± 5.2 13.8 ± 5.5 –0.4 ± 2.5 –3 .20
Plaque area (mm2) 13.3 ± 5.0 15.3 ± 6.1 +2.0 ± 3.0 +15 <.001
Vessel area (mm2) 27.5 ± 7.4 29.1 ± 7.9 +1.6 ± 2.9 +6 <.05
Percent area stenosis 48.2 ± 12.4 52.2 ± 14.2 +4.0 ± 8.5 +8 <.001
PTA, Percutaneous transluminal angioplasty; n, number of cross-sections; percent change, percentage difference between ultrasound data
after PTA and at follow-up examination; +, increase; –, decrease.
Values are expressed as mean ± standard deviation.
Table III. Change in lumen, plaque, and vessel area and percentage area stenosis measured at the treated
and reference sites after percutaneous transluminal angioplasty of the femoropopliteal artery grouped
according to change in lumen area
Lumen area decrease Lumen area unchanged Lumen area increase
Treated sites (n = 168) (n = 87) (n = 42) (n = 39) P value
D Lumen area (mm2) –6.3 ± 4.2 –0.1 ± 0.9 +3.8 ± 2.6
D Plaque area (mm2) +3.0 ± 4.3 +2.6 ± 3.4 +2.5 ± 3.7 .84
D Vessel area (mm2) –3.2 ± 4.5 +2.5 ± 3.3 +6.3 ± 5.3 <.001
D Percent area stenosis +13.9 ± 10.0 +2.5 ± 4.0 –2.8 ± 5.3 <.001
Reference sites (n = 77) (n = 20) (n = 40) (n = 17)
D Lumen area (mm2) –3.4 ± 2.0 –0.1 ± 1.0 +2.7 ± 1.4
D Plaque area (mm2) +3.6 ± 2.9 +1.8 ± 3.2 +0.8 ± 1.9 .03
D Vessel area (mm2) +0.1 ± 2.4 +1.7 ± 3.0 +3.5 ± 2.3 .001
D Percent area stenosis +13.2 ± 8.2 +2.8 ± 5.0 –4.2 ± 4.4 <.001
n, Number of cross-sections; D , change; +, increase; –, decrease.
Values are expressed as mean ± standard deviation.
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The results are shown in Fig 4. The lumen and ves-
sel change after PTA correlated poorly with the
change in lumen, plaque, and vessel area seen at fol-
low-up examination (r = 0.01 to r = 0.36).
Lesion morphology and vascular damage in
relation to area changes. The number of IVUS
cross-sections that showed a hard lesion was signifi-
cantly larger at follow-up examination (n = 85) than
at intervention (n = 74; P = .02), and the extent of
hard lesion showed a significant increase (from 51 ±
42 degrees to 66 ± 39 degrees; P < .001). The num-
ber of IVUS cross-sections that showed a dissection
immediately after PTA (n = 65) decreased to 8 at fol-
low-up examination (P < .001), and the extent of
dissection decreased significantly from 96 ± 57
degrees to 6 ± 24 degrees (P < .001). Media rupture
(n = 28) seen after PTA was absent at follow-up
examination.
Analysis of the relationship between the qualita-
tive parameters involved at intervention (ie, hard
lesion, dissection, and media rupture) and the quan-
titative changes seen at follow-up examination (in
lumen, plaque, and vessel area) showed a significant-
ly larger plaque area increase in the presence of a
hard lesion or a media rupture (Table IV). At the
treated sites, no relationship was found between
lumen or vessel area change and the presence of hard
lesion, dissection, and media rupture.
Interobserver variability. The agreement
between the 2 observers was good for the presence
of hard lesion and dissection (k statistics of 0.86 and
0.87, respectively) and moderate for the presence of
media rupture (k statistic of 0.54). The interobserv-
er difference was not significant for the extent of
hard lesion—the paired difference was –2 ± 22
degrees. The interobserver difference was significant
for dissection, and the paired difference was +27 ±
30 degrees (P < .05).
Fig 3. Scatter plots of lumen area change versus vessel area change (left panels) and of lumen
area change versus plaque area change (right panels) assessed in matched intravascular ultra-
sound cross-sections obtained at the treated sites and reference sites.
SEE, Standard error of the estimate.
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There was no significant interobserver difference
for the lumen area after PTA and at follow-up exam-
ination (+0.15 ± 0.86 mm2, and –0.32 ± 0.69 mm2,
respectively) or for the vessel area after PTA and at
follow-up examination (–0.50 ± 1.78 mm2, and
+0.12 ± 1.21 mm2, respectively).
DISCUSSION
While the variation in vascular remodeling that was
previously reported23,24 was taken into account, the
present study evaluated multiple corresponding IVUS
cross-sections per vascular segment, both at the treat-
ed and at the reference sites. This study showed the
relative influence of plaque area increase and different
types of vascular remodeling (ie, vessel decrease, no
change, or increase) over time on lumen area.
This study showed that at the most stenotic site
the decrease in lumen area was greater than at the
treated sites and the reference sites. A comparison of
the mean quantitative data derived at the most
stenotic sites with those data at the treated sites indi-
cated a different contribution of plaque area increase
and vascular remodeling to lumen area change. At
the most stenotic sites, there was an equal contribu-
tion of plaque area increase and vessel area decrease
(48% and 52%, respectively) to lumen area decrease.
At the treated sites, however, the change in lumen
area was solely caused by plaque area increase (Table
II). The reason for the vessel area reduction at the
most stenotic sites being greater remains speculative.
The contribution of the vessel area decrease (52%) to
the lumen area reduction seen at the most stenotic
site was lower than was seen in the IVUS studies per-
formed in coronary arteries (67% to 88%).13-17 In
contrast, in this study, an increase in the vessel area
was seen at the reference sites, in part compensating
the plaque area increase and contributing to a slight
decrease in the lumen area (3%). The degree of
lumen area decrease corresponded with the 8% that
was reported by Kimura et al.17 Although the latter
Table IV. Relationship between hard lesion, dissection, and media rupture obtained at intervention and




Treated sites (n = 100) (n = 68) P value
D Lumen area (mm2) –2.5 ± 5.3 –2.2 ± 5.5 .70
D Plaque area (mm2) +2.3 ± 3.8 +3.8 ± 4.1 .03
D Vessel area (mm2) –0.2 ± 6.0 +1.4 ± 6.0 .09
D Percent area stenosis +7.0 ± 10.5 +7.5 ± 11.0 .75
Reference sites (n = 71) (n = 6)
D Lumen area (mm2) –0.3 ± 2.6 –0.8 ± 2.1 .52
D Plaque area (mm2) +2.0 ± 3.0 +1.7 ± 3.1 .82
D Vessel area (mm2) +1.7 ± 3.0 +1.0 ± 1.6 .58
D Percent area stenosis +4.1 ± 8.7 +3.2 ± 6.5 .81
Dissection
Treated sites (n = 103) (n = 65)
D Lumen area (mm2) –2.4 ± 5.1 –2.4 ± 5.9 .73
D Plaque area (mm2) +2.8 ± 3.8 +2.7 ± 4.2 .77
D Vessel area (mm2) –0.5 ± 4.9 +0.3 ± 7.5 .93
D Percent area stenosis +7.1 ± 10.8 +7.3 ± 10.7 .93
Media rupture
Treated sites (n = 140) (n = 28)
D Lumen area (mm2) –2.2 ± 4.8 –3.3 ± 7.7 0.55
D Plaque area (mm2) +2.4 ± 3.5 +5.0 ± 5.2 0.04
D Vessel area (mm2) +0.2 ± 4.7 +1.7 ± 10.4 0.42
D Percent area stenosis +6.1 ± 10.1 +12.3 ± 12.2 0.01
n, Number of cross–sections; D , change; +, increase; –, decrease.
Values are expressed as mean ± standard deviation of the mean.
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Fig 4. Scatter plots of lumen area change after percutaneous transluminal angioplasty versus
lumen, plaque, and vessel area change at follow-up examination (left panels) and of vessel area
change after percutaneous transluminal angioplasty versus lumen, plaque, and vessel area
change at follow-up examination (right panels) assessed in matched intravascular ultrasound
cross-sections (n = 113) obtained at the treated sites.
D , Change; LA, lumen area; PLA, plague area; VA, vessel area; FU, follow-up; PTA, percuta-
neous transluminal angioplasty; SEE, standard error of the estimate.
study reported no increase of plaque area at the ref-
erence sites at 6 months follow-up examination, in
the present study, plaque area increase was a common
finding. A difference in the selection of IVUS cross-
sections may account for this discrepancy.
An analysis of the IVUS cross-sections grouped
by lumen area change elucidated that, in the treated
segment, lumen area change was determined mainly
by the vessel area change, while the plaque area
increase was similar in all 3 groups. The influence of
the vessel area response to the lumen area change
was supported by the regression analysis that
showed a stronger correlation between vessel and
lumen area change than between plaque and lumen
area change (Fig 3). In contrast, at the reference
sites, the lumen area change correlated moderately
with both plaque and vessel area change.
At the reference sites, an increase of plaque area
should be regarded as progression of atherosclerosis,
whereas, at the dilated sites, plaque area increase
might be considered as either intimal hyperplasia or
as progression of atherosclerosis. We learned that the
amount of plaque area increase at the dilated sites was
not different in patients with a follow-up period of
less than 6 months as compared with patients with a
follow-up period of 12 to 24 months. This suggests
that plaque area increase stabilized after 6 months.
In an autopsy study that was performed in coro-
nary arteries, Nobuyoshi et al8 demonstrated that
intimal hyperplasia was an early process after inter-
vention. Using IVUS, Kimura et al17 reported that,
in a 6-month period, there was early vessel enlarge-
ment and late constriction (ie, biphasic remodeling).
From the present study, no conclusions can be
drawn on the time sequence of vascular remodeling
after PTA because IVUS investigation was repeated
once after PTA at various follow-up intervals.
However, the finding that different types of vascular
remodeling within one single arterial segment were
encountered may contradict the assumption that an
artery may gradually lose its ability of compensatory
enlargement over time. This finding supports the
suggestion that vascular remodeling is a location-
specific process and not a patient-specific process.24
The suggestion that vascular remodeling is a loca-
tion-specific process is strengthened by the observa-
tion that the different types of remodeling were
observed within the same patients, who served as
their own controls and who were subjected to the
same conditions, such as hypertension, diabetes, and
hypercholesterolemia. We assume that the focal dif-
ferences in blood flow velocity and shear stress may
induce different types of vascular remodeling
encountered at various levels.23,25,26
Although Post et al27 described that acute gain
of the lumen after PTA in iliac arteries of Yucatan
micropigs was related with lumen area decrease
caused by vascular remodeling, such a relationship
was not found in the present study. At the treated
sites, the increase in lumen and vessel area after PTA
was weakly related to the change in lumen, plaque,
and vessel area at follow-up examination (Fig 4).
This study showed that the incidence rate and
the extent of hard lesion increased after PTA. The
amount of plaque area increase was significantly
related to the presence of hard lesion. Similarly,
Mintz et al28 demonstrated that the process of accu-
mulating atherosclerotic plaque was associated with
the presence of calcified lesions. In another study,
Mintz et al24 suggested that calcified lesions limited
the adaptive vascular response to plaque accumula-
tion. This is in contrast with our findings that
showed a trend toward an increase in vessel area in
the presence of hard lesion (Table IV).
At follow-up examination, dissections were small-
er and less frequently present and media ruptures
were absent. The presence of media rupture was relat-
ed to a larger plaque area increase at follow-up exam-
ination. This finding concurs with the relationship
between intimal proliferation and the severity of vas-
cular injury after intervention reported by others.8,10
The observation that dissection did not provoke
plaque area increase suggests that dissection is a less
severe injury of the vessel wall than media rupture.29
Media rupture and hard lesion, although related to
the amount of plaque area increase, did not influence
lumen area change. This underlines the statement that
vessel remodeling is the main determinant of lumen
area change at follow-up examination. Why the indi-
vidual IVUS cross-sections responded in different
ways remains to be determined.
Study limitations. It should be acknowledged
that the number of patients studied is small com-
pared with the number of patients reported in coro-
nary artery studies.13-17 IVUS investigations at fol-
low-up examination were performed mainly when
an adverse event had occurred. Consequently, the
follow-up interval showed a wide variation. Thirteen
patients who initially were studied with IVUS were
lost to follow-up; as a result, a potential selection
bias in the patient population may have occurred.
The assessment of IVUS parameters may be subjec-
tive. Besides, the k statistic value of media rupture is
based on a small number of incidences and should
be interpreted with caution.
Despite the use of the displacement sensing
device, the radiopaque ruler, and the axial anatomic
markers, such as side-branches and calcifications,
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inaccuracies may occur in the matching of corre-
sponding IVUS cross-sections. The inclusion of
multiple IVUS cross-sections for analysis rather than
one single cross-section minimized the effects of
possible mismatches on the final results.
CONCLUSION
The present IVUS study showed a significant
increase in plaque area in IVUS cross-sections
derived from the most stenotic sites, the treated
sites, and the reference sites. In contrast, the vessel
area either decreased at the most stenotic sites,
remained unchanged at the treated sites, or
increased at the reference sites. Thus, in the presence
of plaque area increase, the type of vascular remod-
eling (shrinkage vs enlargement) determined the
lumen area change at follow-up examination.
Analysis of the pooled quantitative IVUS data tends
to obscure the different types of vascular remodeling
encountered in the individual cross-sections derived
from one single arterial segment. At the treated sites,
the extent of plaque area increase was significantly
larger in IVUS cross-sections with calcified lesion or
media rupture.
Finally, despite the initial angiographic success of
PTA in the femoropopliteal artery, the intervention
still results in a high incidence rate of restenosis.
Because lumen narrowing was the net result of plaque
area increase and vessel area decrease, future research
should be aimed at eliminating both plaque growth
and vascular shrinkage to increase the efficacy of PTA.
We thank T. Rijsdijk (Department of Radiology,
University Hospital Rotterdam-Dijkzigt) for the photo-
graphic work.
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